




Table l.-~era1izedstratigraphic column for san Juan CoW'lty
describing the major bedrock units and their hydrologic

characteristics and significance--<:ontinued

Hydrologic characteristics
and significance

aquifers. Water fran the basal sandstlJ1e
of the Chinle ranges fran fresh to briny.

Description

areas near the Colorado River and along
the Arizona State 1ine, and west of Cq>per
Canyon. Uraniferoos in some areas, parti­
cularly the La Sal Mountains.

Maximum
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thickness

(feet)
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1 IliAmarginal rmrine deposit that grades fran Ccm101ly very law permeability; a barrier

I \Moenkq>i I 2,500+ I tidal-flat, deltaic, and fluvial beds in I to the roovanent of water except where
Fonnation I the eastern part of the cClmty to a shallew- faulted or fractured. The average per-

I I I water, marine limestone facies in the I meability of the Moenkopi Fonnation has
1 I I western part of the cmnty. The Iobenkopi 1 been estimated as less than 5 milli-

u I u I I Formation has an upper unit of brcwn to I darciesJ
•

8 I:;; u I I reddish-brown, shaly siltstone, thin,
~ I ~ ':;; I I flaggy sandstone, and thick, rmssive sand- I
~ 1::2 ~ I I stone that, in the northwest, contains a ,
2: 1 I- .[ 1 I thin rmrine limestone bed. The lewer unit I

I I- I I is interbedded thin, cooroonly contorted, I
I C1I 1 I beds of reddish-brawn to reddish-oran~,

'I ~.'O.... ' I fine- to medium-grained, micaceous, sllty
1 sandstone and shaly siltstone that locally

I 2: , contain gypsum beds. Ripple rmrks and mud-
I -g I cracks are cOOlOOn. In the northeastern
I 10 I part of the county, the formation may con-
I iii I tain arkosic conglOOlerate. The Moenkllli
'I S I Formation is thickest adjacent to the major

I salt anticlines in the northeastern part
I I of the county because the salt diapirs were
I I rising and their anticlinal crests were
I I being eroded as the Moenkopi was being
I I deposited. The Moenkopi is found thrwgh-
I I out the county except where it has been
I I eroded fran the Monument LVwarp and fran
I I I I the crests of the salt anticlines.
I I I I I,--,- \ 1-------------1-------------

I /' 10,000+- The Cutler Fonnation is roostly red to purple, Very law to law permeability except W1ere
I fluvial arkose and arkosic fanglomerate, faulted or fractured. Shaly beds are
I C1IOC= ( conglcnerate, and finer grained continental barriers to the roovement of water except

and nearshore marine clastics derived from where faulted or fractured. The perme-
~E ) the ancestral Rocky JtklJntains. In the ability of sandstone beds in the Cutler

eastern and central parts of the county, Formation ranges fran less than 2 to roore
..... ( fluvial deposition prevailed through IIDst than 900 mill idarcies 2

• The uAJifferen-
~ of the Penni an, but in the southwestern tiated Cutler Fonnation and the White Rim
10 ) and western parts of the county, rmrine, and Cedar ~sa Sandstone MerDers, W'iere
~ c: eolian, and fluvial deposition fran mean- water bearing and permeable, are part of
10 0
:.<: ( ~ dering streams occurred. The coarsest beds the Cutler aquifer; the DeQ1elly Sandstone

'v are adjacent to the Unc~hgre Plateau. Member. where water bearing and penneable,

)
.~ Many geologists place any arkosic conglom- is defined as the DeChelly aquifer. The
_ erate or fanglOOlerate of Pennsylvanian or Organ Rock and Halgaito Members are con-

( !!:!
s- Permian age in the undifferentiated Cutler fining beds within the Cutler C¥:luifer.
. Fonnation. Within 40 miles of the Uncom- West of Ca1t> Ridge, flew system; in the

§ ) ....u::3 pahgre Plateau, grain size decreases enough Cutler Fonretion probably are local.
and bedding is praninant enough so that Water in the Cutler Formation ranges franj ( ma1bers of the Cutler can be distinguished. fresh to briny.

_ The tqlOOst me1tJer cOOlOOnly is an unnil1led
~a. ) sequence of fluvial red beds--reddish-

brawn, red, and purple siltstone, mudstone,
@( and shale that contain some interbedded
> sandstone. This unit is the fluvial and
~ ) nearshore marine equivalent of the Kaibab
~ Limestone. The Kaibab is a 1ight-gray to
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Table l.--ceneralized stratigraphic column for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--COntinued

Hydrologic characteristics
and significance

light-brcMl, cherty, dolomitic marine
1imestone. The next lower menDer of the
Cutler is the White Rim Sandstone Member,
a white, gray, and buff, fine- to coarse­
grained, well-sorted sandstone that is the
nearshore and sandbar-complex facies of
the Toroweap Formation. Some geologists
believe that the Iflite Rim Sandstone~
is an eolian deposit. The Toraweap is a
massive, rrerine, limey sandstone and, far­
ther west, it is largely carbonate. Sane
goologists re\Xlrt Coconino Sandstone under­
lying the White Rim Sandstone Member in the
northwestern part of the rounty and ad­
jacent areas. These ·Coconino Sandstone·
beds interfinger with and laterally grade
into the Iflite Rim Sandstone tet>er and
the under lyi n9 Organ I«k Ma1tJer of the
Cutler FormatlOn. These ·Coconino Sand­
stone· beds are not part of the true
Coconino Sandstone of northwestern Arizona
and southwestern Utah. but are local sand­
stone beds derived from erosion of an
errergent Emery platform. They are consid­
ered here as part of the Iflite Rim Sand­
stone MaJtJer. The next lOIter maJtJer.
present sooth of Blanding. is the DeChelly
Sandstone Member, alight colored to
light-brown. reddiSh-orange or pale
reddiSh-brown, fine-grained, RDstly eolian
sandstone deposited by northeasterly winds.
The Organ Rock MenDer, the eastern exten­
sion of the Hermit Shale of the Grand Can­
yon. is red to reddish-brGtn Shale. silt­
stone. and fine-grained sandstone that
laterally grade into the coarser arkosic
facies of the Cutler to the northeast. As
far east as the eastern edge of the Monu­
ment I..{>warp, the Organ Rock MelDer is
urderlain by the Cedar Mesa Sandstone Man­
ber, a white to 1ight-gray, yellowish-gray.
reddiSh-orange. and reddiSh-brown, fine- to
coarse-grained sandstone that had been
deposited in a shallO'lHlldrine foreshore
envirorrnent. The Cedar Mesa Sandstone
Member is underlain by the marine Elephant
Canyon Formation of Baars (1962) in the
west and by the Halgaito~ of the Cut­
ler Formation in the east. The Elephant
Canyon Formation is limestone and dolomite
beds that contain red to brown or purple
sandstone, siltstone. and shale beds in the
middle and red siltstone and light-colored
sandstone near the top. The Halgaito Man­
ber of the Cutler Forrretion is a fluvial
red bed sequence of dark red-brown to
ctncolate-brcMl, fine- to medium-grained,
thin-bedded, arkosic sandstone, siltstone,
ard IIlJdstone. The Halgaito Member contains
a few thin, lenticular beds of pu'1>l iSh-
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Table l.--Generalized stratigraphic C01U11U1 for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--eontinued

MYdrologic characteristics
and significance

Very low penreabil ity; probably a barrier
to the IOOvenent of water except where
faulted or fractura:l. Except at outCrqlS,
water from the Rico Formation is moder­
ately saline to briny. Penneable units in
the Rico Formation are considered part of
the Cutler aquifer.

Very low to high penreabil ity. Evaporites
are a barrier to the lOOVanent of water.
Carbonate rocks, except reefs and bio­
herms, usually are barriers to the move­
ment of water except where faulted or
fractured or where solution channels have
developed. Reef ard biohermal deposits
may be highly permeable and can have poro­
sities of as nuch as 30 percent. Except
at outcrops, water fran the Henrosa Groop
usually is rooderately saline to briny.
Dissolved-solids concentrations can exceed
400,000 milligrams per liter. Penreable
intervals in the uwer two-thirds of the
Honaker Trail Formation are considered
part of the Cutler aquifer. Permeable in­
tervals and facies in the Pinkerton Trail
Formation of the Herroosa Group are part
of the Redwall aquifer.

Description

Deposited in a retreatirg sea, the Rico For­
mation includes nomal marine carbonate de­
posits, associated nearshore and shoreline
deposits, and coastal-plain fluvial de­
posits of reddish-broron ard greenish-gray,
fine- to nedilm-grained, calcareous sand­
stone, reddish-brcwn, grayish-9reen, or
'pale red-llJrple, partly gypsiferous, mica­
ceous siltstone an:! sandy shale, and gray,
thi n- to thick-bedded, cherty 1imestone.
The formation underl ies the entire county
except where eroded on the crests of sa1t
anticlines and in the deeper cany()1s.

MaxilllJl11
reported
thickness
(feet)

1 mI e IJ Groop, I
1 :5 1 .2: I .~ I fonnation, I
1 /0 I VII So. I or I
1~ 1~I ~ I rock unit 1
I 1 1 I 11-1-171 1---:----------
1 I I.~ Cutler 1 gray limestone near the base. The Cutler
1 1~I !: I Fonnation 1 Formation underlies all of the county
1 1-I Ql I I except where retJl)ved by erosi()1 on the
1 1~I 0. I crests of the salt anticlines and in the
I 1 ~ 1 ~ I deeper canyons.
I 1 1.3 I
1 I I 1
11-1-1---
I 1~I"O I

I I~ I: IR~~nnat1on
10.1.~r;:1
I -g 1~.~I
I /0 I> el
I z:1';,~1
I ::51 ~0.1
I ~I ~~I
I ~Io. ~I
1 >-1 So.....I1
I ~I~ I
I ~Ig. I
1 0. 1 I
1-1-'---
I I I Depositoo in an enviroment that rarged fran

u I I IHenoosa 15,000+ nonna1 mari ne shoal ard shelf to nyper-
8 I I Group of sal i ne evapori te basin, the Hermsa Group
~ I Wengerd has been divided into three formations.
~ I and The top ard bottan formations, the Honaker
c( I ~the'IY Trail and Pinkert()1 Trail Fonnati()1s, are
0. I ~ (1958) similar in lithol<JJY. They ccmoonly are

I .~ blue to gray, thin- to thick-bedded lime-
1 ~ stone and dolanite that c()1tain beds of
I >0 gray, fine-grained micaceous sandstone and
I ~ siltstone, lavender sandy shale, and occa-

z: I r;: sional thin interbeds of black shale and
::51 if. anhydrite; reefs and algal bidlerm; are I
~ I So. ccmoon. The middle formation, the Paradox I

gI ~ ~~:;~~~'d~~~~~i~t~~~~d~~~~~ebfack I
~ "0 shale, cartxmate, and fine-grained saro- I
~ ~ stone and siltstone in what was the 1

w deepest part of the Paradox Basin, and I
!O I 1imestone and do1ani te interbedded wi th 1
~ 1 shale and fine-grained sardst()1e to the I
:::E I west and south of the evalX>rite sequence. ,

I Teward the Un~ahgre Plateau, all three I
1 llI61tlers interfinger with coarse arkosic ,
1 sediments eroded from the ancestral Rocky I
1 Mwntains. The Henoosa Group is thickest I

I in the salt anticlines in the northeastern I
I part of the cwnty. I

I-I I 1----------
I Ql 1 IA c()1tinental deposit, the "blas Formation IVery low to low penneability; prd:>ably a
I!O r;:lltllas 1 ccmoonly is a regolith that developed on I barrier to the IOOvenent of water except
I~·~I Fonnation I the karst surface of the Iotississi~ian I where faulted or fractured. Permeable
1:::E:a1 1 carbonate beds. The formation is variegated I intervals and facies are part of the
11?'=:1 I from reddish-brown to maroon siltstone; red. I Red.lall aquifer.
I/O ~I I silty shale; and calcareous sandstone and I
I'" <=1 1 c()1tains sane gray to reddish-brO\lo11, thin- I
I ~ ~I I bedded linest()1e. Locally the Itllas is I
1.30. 1 II c()1g1aneratic, particularly near the base. 'I

_1_1_1 - _ _
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Table l.--G€neralized stratigraphic collJl1111 for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--eontinued
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IAneth I IDark-b~ to black, argillaceous, marine IVery 10« permeability except where faulted
I Formation I 249 I limestone and dolanite, commonly anhydritic I or fractured or where solution channels
I of Knight I I ard slightly glauconitic, and gray-green, I have develq:>ed. Water in the fOnMtion
I and Cooper I I bra«n, and black calcareous shale. I prd:lably is nr:xierately saline to briny.
I (1955) I I I
I I I I

'z,-l 1----1--------------1--------------
I ::51 ~ :aIIgnacio I IA basal transgressive marine deposit of IVery 10« permeability except where faulted
I g§1 ~·;:I Quartzite I 730 I light-red, thin-bedded, slightly friable I or fractured. Water in the fonnation
I ~ Ig.~ I €qu iva 1ent I I sandstone. I prd:lably is nr:xierately sa1ine to bri ny.
I <..II 31 I I 1 _
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~ I el III I Grrup, MaX;OOffi I I
..c I QlI Ql I fOnMtion, reported I I
~I Vl~ .;: I or thickness I I Hydrologic characteristics
~ I "1 ~ I rock unit (feet)' Description 1 and significance

1 I 1 1 , _
--1-1 1 I

I 1 Deposited on a broad, relatively flat, IVery 10« to 10« penneability except v.tlere
I 1Redwall 828 shall~-water, marine shelf, this fonmtioo I faulted or fractured or where solution
Il::l (Leadville) is called the Re<Mll Limestone by sooe I channels have developed. Caverns and
I ./0 I Limestone goologists, the Leadville Limestone by I solutioo channels have been penetrated in
I 0.1 others. Many geologists call it the Re<twalll several oil- or gas-test wells. Water
I .~ I in the western part of the area ard the I fran the Redwall (Leadville) Limestone
I ~, Leadville in the eastern part of the area. I prd:lably is nr:xierately saline to briny.
I .:;; I The uwer part of the fonmtioo is lig,t- I This unit is the major part of the Redwall

~I .~ I colored, dense, thin-bedded, sometimes I aquifer.
~I ::E I oolitic, limestone; the l~er part is tan, I
e:;1 1i; I bra«n, gray, and pink, massive, cherty I
VlI a. dolcrnite that locally contains thin beds of I
~I g. 1imestone near the top and also IlIC\Y cootain I
~I "U thin beds of shale. In the eastern part of I
il :a the county, the fonnation may contain a I

, ~ sandstone facies equivalent to the Gilman I
I ~ Sandstone of Colorado. Throu!1loot IllIch of I
I .3 the county, partiQJlarly in the western I
I half, the upper part of the Redwall Lime- I
I stone is a thin-bedded silty and clay~ I
I carbonate rock that is naned the I-brseshoe I
I Mesa lIe1tler. I
I I'-'-I 1-------------

I IDeposited in a quiet-water, shallo«-marine IVery 10« to low penneability except v.tlere
IOuray l)() I enviroonent, the llJray Limestooe is a I faulted or fractured or where solution
, Limestone I light-gray to tan, dense, commonly oolitic I channels have developed. water in the

1 limestone that locally contains partings I formation probably is lIlJderately saline
1 of green shale. Contact with the under- I to briny.
I lying Elbert Formation is gradatiooal. I
I 1 _

I I
Deposited in a sha11O«-\1I6ter. in part inter- IVery 10« to 10« permeability except v.tlere

tidal, marine-shelf enviroonent, the I faulted or fractured or where solution
Elbert Formation is a gray-br~. thin- I channels have developed. water in the
bedded, sandy dolanite that cootains streaks formation is nmerately saline to briny.
of gr~-green and red sandy shale. In the
southeastern part of the county, the basa1
Elbert Formation contains a shoal and off-
shore bar facies, the McCracken Sandstone
MeTber of Knight and Cooper (1955). The
McCracken Sandstone Mart>er is white ard
light-gray to red, fine- to medium-grained,
poor1y sorted, tight1Y carented sandstone,
commonly glauconitic and contains streaks
of sardy 00lcrnite.
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Hydrologic characteristics
and significance

Table l.--Generalized stratigraphic column for san Juan County
describing the najor bedrock units and their hydrologic

characteristics and ·significance--eontinued

I I I 1 I I
I I 1 I 1 I

g; I e I III 1 GrwP. I MaxilllJm I 1
..c 1 QJ I QJ 1 fonnat ion. 1 reported I 1
~ 1 ~I 0;: I or I thickness I I

I c:; I ~I ~ 1 rock unit I (feet) 1 Description I
I I I I 1 1 1 _
1--1---;;1 I I 1
I 1,-,~ILynch I IMassive marine cbl(Jllite and interbedJed shale. IProbably very low in penreability except
I I :5'.151 [})1(JIIi te 1 1.l)() 1 I where fau 1ted or fractured or Vitlere there
I I o.el I I I are solutirn channels. Water in the
I 1:::>~I I I I fonnation is very saline or briny.
1 I-I 1 1 II I I I 1 1------------
1 I Muav I IMassive marine limestone that locally crn- IProbab1y very low in penreability except
I I Limestone 1 650 1 tains partings of green shale. Called I where faulted or fractured or """ere there
I I or I 1 the Muav Limestone in the southwestern I are solution channels. Water in the
I 1 Maxfield I 1 part of the coonty and the Maxfield Lime- I fonnation probably is very saline or brinY'1
I 1 Limestone I I stone in the rest of the county. I
I I I I I I
I u I I I I I
I...... zl Bright I IThe offshore shale facies of a transgressive IProbably very low permeability; a barrier I
I ~ ~ Angel I 450 1 sea. the fonnation is red. green. and gray I to the IOOvanent of water except where I

I 8 gs Shale I I shale interbe<tJed with fine-grained sand- I faulted or fractured. I
I -' ~ c or 1 I stone. siltstrne. do1anite. am limestone. 1 I

I ~ ;5 '" I 1 I';: Ophir The fonnation grades fr(Jll cartxmate to shale I
I .Q Shale I I to si1tstrne and sandstone fran west to I I
1 16 1 I east. KIlOOl as the Bright Angel Shale in I I
1 u 1 I the sootm..estern part of the county am as 1 I
I :!!. I I the Ol*Jir Shale in the rest of the county. I I
I :g I I I I
I % I I I I I
I ITapeats I IA basal transgressive marine delXlsit of red. IProbably very low permeability except where I
I I Sandstone I 400 I brown. and white. fine- to coarse-grained. I faulted or fractured. Water in the fonna- I
I I or I I tightly canented sandstone that is silty I tirn probably is very saline or briny. I
I ITintic I I am shaly at the top. The fonnation I I
I ()Jartzite I I thickens eastWird fr(JII the southwestern I I
I I I I corner of the county. Called the Tapeats I I
I I I I Sandstone in the souttwestern part of the I I
I I I I coonty and the Tintic Quartzite in the rest I I
1 I I I I the coonty. I I

1-1---1 I I 1 I
IPRECAMJUAN lIgneous I IUndifferentiated igneous and metam:>l1>hic IVery low penreability; a barrier to the I
I I and I I rocks. I IOOvement of water except where jointed. I
I lmetaroorphicl I I faulted. or fractured. I
I I rocks I I I I
I 1 I I I I
I I I I I I
I I I I I I
I I I 1 I I

1Ranges of penneability are defined as follONS:

Range

Very low
l.Dw
Iobderate
High
Very high

Permeability. in mil1idarcies

Less than 185
185 to 1.850

1.850 to 18.500
18.500 to 185.000
More than 185.000
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2.llbi n. 1962.

3Ri tzma am Doe11 ing • 1969.

4Stratigraphic nomenclature has been revised for the Curtis and
SlIlIlIervi11e Formations. The wanakah Fonnation is now considered
the stratigral*Jic equivalent of the Curtis and Sunmerville
Formations in San Juan County (O'Sullivan. 1980).



The salt anticlines had their orIgIn in depositional and structural
events that occurred fran early Mi<Xlle Pennsylvanian to mi.<Xlle Permian. Prior
to Middle Pennsylvanian, the region was a fairly stable shelf that alternately
was the site of erosion and dep:>sition as it slowly oscillated above and belCM
sea level. By early Middle pennsylvanian, the ancestral Rocky Mountains
(Uncompahgre uplift, fig. 5) were developing and had reached a height of at
least 10,000 feet by Early Permian. The rise of the Ioolmtains was accanpanied
on the southwest by a parallel downwarping that formed the ParadOK Basin
(figs. 5 and 6). This basin developed as a series of northwest-southeast
trending, southwest-tilted half grabens that stepped cbwn into the basin fran
the southwest.

Deposi tion on the surface thus created was in the form of "synclines"
and "anticlines". A greater thickness of sediment was deposited in the
syncline over the southwestern down-tilted part of each half graben and a
lesser thickness of sediment was deposited over the anticline of the
oortheastern uptilted part of each half graben.

As the Uncompahgre uplift rose throughout the Middle and Late
PeMsylvanian, it shed increasing qUantities of clastics into the oortheastern
margin of the Paradox Basin. The uplift continued as an area of high relief
until the middle or early Late Permian. During this period, sediments
dep:>sited on the flanks of, and adjacent to, the uplift were coarse arkosic
clastics, camonly fanglanerates and associated finer grained materials. The
thickness of the Cutler Formation decreased fran as ruch as 15,000 to 20,000
feet immediately adjacent to the ancestral Rocky lot>untains to only 2,000 feet
within 50 miles to the southwest; within the same distance, grain size
decreased fran boulder aoo cobble to sand and finer particles.

During the middle of the Middle Pennsylvanian, the Paradox Basin
developed a restricted-circulation hypersaline environment punctuated by
periodic influxes of normal marine water that resulted in cyclic deposition of
a black shale-dolomite-evaporite sequence. The deepest part of the basin
opntains at least 29 evaporite cycles that had an aggregate maxinum thickness
of 5,000 to 7,000 feet at the tine of dep:>sition. By, or shortly after, the
end of deposition of the evaporite sequence, the evaporite beds were mobilized
and were beginning to develop anticlinal diapirs. Mobilization of the
evaporite beds probably was due to tectonic stress because overburden pressure
would have been too small to cause evaporite floo--depth of burial was less
than 2,000 feet when the salt anticlines began to form. The location of the
sites of formation of the diapirs, and their form as parallel oorthwest­
southeast-trending anticlines, were controlled by the regional stress field
and by the structure of the basin floor. l-bst diapiric novanent had occurred
by the end of the Permian; hooever, SOlIe general novanent continued until the
Jurassic, by which time mst of the evaporites that had been over the uptilted
parts of the half grabens had been squeezed out into the diapirs (local
diapiric novanent occurred as recently as the Cretaceous).

D..1ring the latest Cretaceous and early Tertiary, the crests of the salt
anticlines oollapsed in tw::> stages. '!he first stage follooed Late Cretaceous
arching, when the crests of the salt anticlines dropped, as grabens, by as
much as several hundred feet, possibly due to stress relaxation of the arches
at a time when the evaporite cores of the arch crests were buried by about
5,000 feet of other sediments. The second stage of anticlinal crest COllapse
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followed uplift and erosional breaching of the sedimentary cover of the
evaporite cores of the anticlines. Raoc>val of evaporite by solution led to
the final oollapse of the anticlinal crests. '!he maxirrum known thickness of
evaporite in the anticlines is more than 14,000 feet. The maximum thickness
of evap::>rite raoc>ved fran the anticlinal crests by solution has been estimated
to be rrore than 5,700 feet (Shoemaker and others, 1958).

Arching of the Monument Upwarp (fig. 6) in Late Cretaceous to mid­
Tertiary time (Grose, 1972, p. 36) affects ground-water rrovenent in the area
because it resulted in rem::JVal, by erosion, of all strata younger than the
Permian Cedar Mesa sandstone Merlt>er of the Oltler Formation fran the crest of
the upwarp. Locally, all beds younger than the Pennsylvanian Honaker Trail
Formation of the Herrrosa Group (wengerd and Matheny, 1958) have been raooved
by erosion.

I:A.1ring the mid..JI'ertiary, large donal uplifts develcped at several places
in the region. '!hree of these large danes are in san Juan County. All three
dares, nCM kn::>wn as the La Sal Mountains, Abajo lobuntains, and Navajo lobuntain
(fig. 4), are believed to be igneous intrusions, each consisting of one or
more central stocks surrounded by a radial cluster of laccoliths and
suoordinate dikes. In figure 7, the awroxirrate outline of the Navajo Dane at
Navajo Mountain is shown; the outlines of the danes at the La Sal and Abajo
Mountains are approximately the extents of the La Sal and Abajo intrusives
(fig. 7).

Description of Aquifers

The Redwall (Leadville) Limestone and pel1IEable intervals and facies in
the overlying MJlas Fbrmation and Pinkerton Trail Formation of the Hermosa
Group (Wengerd and Matheny, 1958) probably make up the most widespread,
oontinuous aquifer in san Juan County, which is defined in this re);X)rt as the
Redwall aquifer. Oil- and gas-test holes reportedly have penetrated solution
channels and caverns in the carbonate beds in some places. Diagenesis of
Cambrian and Devonian strata generally has reduced the porosity and
permeability of these rocks so that they are relatively impermeable and can
yield water only where they are faulted or fractured or where systems of
solution channels have developed. Whether pel1IEable intervals in canbrian and
Devonian strata are part of the Redwall aquifer or are of sufficient areal
extent and continuity to make up one or ItDre other aquifers is not known, but
so little information is available that these formations are discussed in this
report as part of the Redwall aquifer.

Although the Paradox Formation am the lCMest one-third of the Honaker
Trail Fbnnation of the Hernosa Group usually are barriers to the IOOvement of
water, am are not defined as an aquifer in this report, this interval locally
oontains pel1IEable deposits, many of which had been reefs or bioherms. In the
Paradox Formation, biohermal deposits are more CClOIOC>n west of the area of
evaporite deposition. Water in these permeable deposits is thought to be
connate, or to be leakage through faults and fractures from overlying or
underlying aquifers.

Avery (1986) defined the IIp aquifer" to include the pel1IEable beds in
the undifferentiated Cutler Fbrmation and the Cedar Mesa sandstone Member of
the Oltler. Thackston am others (1981) believed that the pel1IEable intervals
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in the Rico Formation and in the upper two-thirds of the Honaker Trail
Formation of the Hernosa Group was also part of the IIp aquifer". In this
report, the above units and the White Rim Sandstone Member of the Outler
Formation, where they are water bearing, are defined as the Cutler aquifer.
Avery (1986) oonsidered the DeChelly sandstone ~r of the Outler Formation
to be a separate aquifer. This unit occurs in a different geographic area
than IOOSt of the Cutler aquifer, generally south of the san Juan River (Avery,
1986, table 1), and Avery defined it as the "e aquifer". In this report, the
DeChelly sandstone Member is defined as the DeChelly aquifer.

'!he Wingate, Navajo, and Entrada sandstones, and any permeable intervals
in the Kayenta and Carmel Formations, are defined in this report as the
Entrada-Navajo aquifer, follooing the usage of Tl'xxnas (1989, table 1). '!his
aquifer oorrelates with the "N aquifer" of Avery (1986) and of Cooley and
others (1969). The Entrada-Navajo aquifer is the main source of dorlestic and
livestock water in san Juan County. The Curtis and SUrtmerville Formations are
barriers to the movement of water except where they contain transmissive
faults or fractures.

The Bluff sandstone, salt Wash, Recapture, and westwater canyon Manbers
of the Morrison Formation are defined as the Morrison aquifer (Thanas, 1989,
table 1), which correlates with the "M aquifer" of Avery (1986). The Burro
canyon Formation and overlying Dakota Sandstone form the Dakota aquifer
(Thomas, 1989, table 1), which correlates with the "D aquifer" of Avery
(1986).

Geologic Controls on Recharge, J.bverrent,
and Discharge of Ground water

Ground-water hydrology in san Juan County seens to be oontrolled about
equally by geologic structure (fig. 7) and by stratigraphy. An important
secondary control of ground-water movement is the widespread faulting and
fracturing of the rocks, whim often permit vertical movanent of water between
aquifers. The location and orientation of most faults and fracture systens in
the area were determined by the structural framework that had been
established before the end of the Precant>rian, including the faults and the
fracture systems caused by the rise and partial dissolution of the salt
diapirs, and by the Laramide Orogeny. Another possible oonduit for vertical
moverrent of water is collapse breccia, which is the result of removal of
evaporite or carbonate by solution in ground water. Sum collap:;e features
range in size fran breccia piPes or mimneys less than 50 feet in diameter to
the Lockhart Basin (figs. 4, 7), more than 3 miles in diameter. Known
oollapge features in san Juan County are near the COlorado River north of
T. 33 S.

Mississippian and older beds were fractured and fragmented by the
vertical movanent on faults that resulted in the formation of the half grabens
in the Paradox Basin. Hydrologic oontinuity was maintained, hooever, through
transmissive faults and fractures. Deformation subsequent to deposition of
the Paradox Formation of the Hermosa Group, that accanpanied formation of the
salt diapirs, resulted, at least locally, in inoorporation of sizeable blocks
of older strata, such as the Redwall (Leadville) Limestone, within the salt
diapirs.
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All areally extensive major bedrock aquifers receive recharge by
infiltration of precipitation in one or more of the following recharge areas:
(1) In or adjacent to the Tertiary intrusions of the La Sal and Abajo
Mountains, and, probably, Navajo Mountain, where faults, fractures, and
perhaps sone porous rocks in the intrusives themselves provide paths for the
downward movement of water to buried aquifers; (2) along the southwestern
flank of the UncCITlfBhgre Plateau (fig. 4) through permeable or faulted strata;
(3) in the San Juan Mountains of Colorado (about 90 miles east of the
Colorado~tah State line near IX:>ve Creek) and the carr izo MJuntains and Black
Mesa of Arizona (fig. 4); (4) in the Henry MJuntains of Garfield County, utah
(fig. 4), for aquifers below the Wingate sandstone where those aquifers either
crop out or can receive recharge through faults and fractures; and (5) for
aquifers above the Paradox Formation of the Hermosa Group at the
top::>graphically highest outcrop:; of eadl aquifer within San Juan County. MJst
recharge occurs where the land surface is rrore than 8,000 feet above sea level
because that is where most precipitation occurs. Throughout the area, faults
and fractures may permit the vertical rrovement of water between aquifers.

'Ihe general regional pattern of ground-water rrovanent to san Juan County
is north fran Arizona, west fran Colorado, and southwest fran the Uncanpahgre
Plateau. Within San Juan County, the direction of ground-water rrovement
locally may differ greatly fran this regional pattern. Major deviations from
the regional flow pattern are caused by local recharge or discharge.

All major bedrock aquifers disdlarge water to other aquifers wherever
the hydraulic head in the discharging aquifer is higher than that in the
receiving aquifer and where there are transmissive faults or fractures. All
aquifers that crop out in San Juan County discharge water to springs and seep:;
and may lose water by evapotranspiration fran Iilreatophytes in areas where the
water table is near the land surface.

The Redwall aquifer not only receives recharge from the sources
previously mentioned, but probably also receives recharge in Spanish and
Lisbon Valleys (fig. 4), where faults provide paths for the Cbwnward movement
of water, and the hydraulic head in the Redwall aquifer is several hundred
feet lower than that in overlying aquifers. Natural discharge, in addition to
leakage to overlying aquifers through faults and fractures, probably includes
sate minor subsurface outflow to Arizona in southwestern san Juan County and
to southwestern utah.

Recharge to the Cutler aquifer, in addition to that nentioned above, is
at areas of outcrop on the Monument Upwarp (fig. 7) and in Lisbon Valley, on
the flanks of the salt anticlines, and, p::lssibly, fran the San Juan River east
of Mexican Hat on the west side of the Raplee anticline (fig. 7). Fran the
area of the La sal and Abajo Mountains and the Sage Plain, water movement in
the aquifer generally is northwest and northeast toward the Dolores and
Colorado Rivers (fig. 4). South of the Abajo Mountains and Sage Plain,
movement of water in the Cutler aquifer is south toward the San Juan River.
Ql the western side of the Monument Upwarp, water rrovement generally is toward
the Colorado River.

Natural discharge fran the Cutler aquifer in San Juan County, in
addition to that mentioned above, is to springs and seeps, mostly in the
canyons of the Colorado, San Juan, and Green Rivers, and tributary canyons,
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particularly where the permeable beds that <XITprise the aquifer crop out less
than 3,700 feet above sea level. Subsurface outflCM to Colorado east of the
La Sal Mountains and the sage Plain also accounts for sane discharge fran the
Cutler aquifer.

The DeChelly aquifer generally does not crop out in the recharge areas;
thus, recharge to this aquifer mainly is fran leakage fran other aquifers and
subsurface flow from Arizona and Colorado (Avery, 1986, p. 19). SOurces of
natural discharge from the Dechelly aquifer are similar to those of the
Cutler aquifer.

r.t:>st recharge to the Entrada-Navajo aquifer occurs within the county in
spring and early st.mrer by infiltration of s~lt, in spring by rain, and by
streamflCM. In addition to those rrentioned on page 28, rrajor areas of direct
recharge are Navajo Mountain, Nokaito Bench, along cant:> Ridge, west of Cog;>er
canyon (fig. 4), the headwaters of Cottonwood Wash, Dry Valley and adjacent
areas, upper Hatch Wash, u];per Montezurra Creek, and the highlands separating
the valleys that have developed on the crests of the salt anticlines in the
northeastern part of the county. Subsurface inflow fran Colorado occurs south
of T. 37 S. SOUth of the Abajo r.t:>untains and sage Plain, IIOvement of water in
the Entrada-Navajo aquifer is toward the San Juan River. librth of the Abajo
r.t:>untains and the Sage Plain, the general direction of water movement is
toward the Colorado and Ik>lores Rivers, including sate subsurface outflow to
Colorado southeast of the La Sal Mountains and in the highlands between the
anticlinal valleys in the northeastern part of the county. Natural discharge
fran the Entrada-Navajo aquifer, in addition to that mentioned on page 28, is
to the San Juan River and to sections of Montezurra Creek, CottonW':lOd Wash,
O1inle Creek, and other streams, and by subsurface outflCM to Grand County am
to Colorado.

'!he r.t:>rrison aquifer is present only in the eastern part of the county:
SOuth of T. 31 S., it is east of Canb Ridge, am north of T. 31 S., it is east
of R. 22 E. Recharge to the Morrison aquifer is mostly by infiltration of
precipitation and streamflCM in areas where the formations that c:arprise the
aquifer crq;l out. Verdure am lCMer Montezuma Creeks are known to recharge
the aquifer. Sources of recharge mentioned on page 28 are of lesser
.i.mp:>rtance in furnishing recharge to the Morrison aquifer. Subsurface inflow
from Colorado occurs south of T. 40 S. Movement of water in the aquifer
generally reflects the gradient of the topography, but south of the Sage
Plain, a general trend of flow also is tCMard the san Juan River. Natural
discharge fran the Morrison aquifer is to the san Juan River, McElm::> am ug;>er
Montezwna Creeks, and to other streams that intersect the aquifer belCM the
water table. Subsurface outflCM to Colorado occurs north of T. 41 S.

The Dakota aquifer, found only east of R. 22 E., is highly fragmented
and cx:mnonly caps the highest rresas in the area. Recharge, discharge, and
flCM system; are local because of the aquifer's fragmentation.
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Quality of Ground Water

In areas of surface recharge, water in all permeable formations that
crop out is fresh and is mostly of calcium bicarbonate or calcium magnesium
bicarbonate type. With increasing depth and distance from outcrop areas,
however, the water becanes increasingly saline, and the proportions of sodium,
sulfate, and chloride in the dissolved solids increase.

The Redwall aquifer appears to contain very saline to briny, sodium
chloride type water (dissolved-solids concentrations are as large as 350,000
ng/L) in aM near the area where the Herrrosa Group contains evapor i te beds.
To the west and southwest, water in the Redwall is less saline; dissolved­
solids concentrations in the water may be less than 6,500 ng/L.

In or near the area underlain by evap:>rite beds in the Paradox Formation
of the Herrrosa Group, water fran permeable intervals in the lower one-third of
the Honaker Trail Formation and fran the Paraoox Formation COIlIDOnly is very
saline to briny and of sodium chloride type. The dissolved-solids
concentration of the water may exceed 400,000 ng/L. Locally, at sane areas of
outcrop that receive recharge fran precipitation, water from shallow depths
may be fresh and of calcium bicarbonate or calcium magnesium bicarbonate type.
west and southwest of the area containing evaporite dep::>sits, water from the
Honaker Trail and Paradox Formations may be only slightly to moderately
saline.

Dissolved-solids concentration of water in the Cutler aquifer generally
increases rapidly with increasing depth and distance fran areas of surface
recharge, and COIlIDOnly exceeds 10,000 ng/L. Where the water is very saline or
briny, the daninant ions are calcium, magnesium, and sulfate in water from
permeable beds in the Cutler Formation, but sodium and chloride predaninate in
water fran the Honaker Trail Formation of the Hermosa Group. In the Aneth
area, where the DeChelly aquifer is about 2,500 feet belCM the land surface,
water in the DeChelly aquifer is IOOderately saline to br iny and is of sodium
chloride type.

water in the Entrada-Navajo aquifer commonly is fresh to moderately
saline; however, in the Aneth area, where the Entrada-Navajo aquifer is rrost
deeply buried, the water may be very saline to briny and of sodium chloride
type. Water in the Morrison aquifer generally is fresh to m::XI.erately saline
and, with increasing distance from areas of surface recharge, increases in
salinity and changes fran calcium magnesium bicarbonate to sodium bicarbonate
type.

Water in the Dakota aquifer commonly is fresh and is of calcium
bicarbonate or calcium magnesium bicarbonate type. Ebwever, in sane areas it
is slightly to moderately saline and of calcium magnesium sulfate or sodium
bicarbonate type, particularly where recharge is by runoff from areas
underlain by Mancos Shale or through alluvium or colluvium derived from Mancos
Shale.
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BASE OF l-O:>ERATELY SALINE WATER

'!he base of rroderately saline water is defined as the top of the first
identifiable permeable interval oontaining water that has a dissolved-solids
ooncentration of more than 10,000 rrg/L. The surface thus defined coincides
with the top of very saline to briny water. However, to be classified as
below the base of rroderately saline water, the sequence of beds that contained
very saline to briny water had to be more than 500 feet thick and include 00
penneable intervals nore than 30 feet thick that contained fresh to IIOderately
saline water.

'!he base of rroderately saline water in san Juan County, as interpreted
from geophysical logs and available water-quality infonnation, is shown on
plate 1. '!he oonfiguration of the base of rooderately saline water is greatly
affected by geologic structure, but is substantially roodified by the effects
of faults and fractures. In most of the county, the base of rooderately saline
water is from 2,000 to 6,500 feet above sea level. However, on the western
flank of the Monument Upwarp (figs. 6, 7) on the western edge of San Juan
County, the base slopes downward to below sea level and drops
stratigraphically fran the lower part of the Permian Cutler Fonnation to belCM
the Devonian Elbert Fonnation and, in at least sane places, nay be belCM the
depths from which data are available. At the latitude of Bluff, Utah, this
decline in the altitude of the base of rooderately saline water may extend as
far east as R. 20 E.

In the northeastern part of the county, where the salt anticlines are
strongly developed, the base of rroderately saline water is high on anticlinal
crests, to within 300 feet or less of the lam surface in scm:! places, am lCM
in the intervening synclines, to more than 3,000 feet below land surface in
some places. Superimposed on this "ridge am valley" pattern is a recharge
nound in the La sal M:>untains, which locally lowers the base, possibly to
below sea level. Though infonnation is sparse, the effect of recharge in the
La Sal Mountains in lowering the base of moderately saline water may not
extend to the southwest beyond the cane Creek-Lisbon Valley anticline. The
stratigraphic location of the base is within the Honaker Trail Formation of
the Hermosa Group (Wengerd and Matheny, 1958) or the Cutler Fonnation except
on the flanks of the salt anticlines, where it commonly rises in the
stratigraphic section into the Moenkopi or Chinle Forrrations, and in scm:!
places into the Wingate samstone, and locally may be as high as the Navajo
Sandstone. The most likely conduits for this stratigraphically higher saline
water are transmissive faults and fractures associated with the salt
anticlines.

In the northwestern part of the oounty, the base of moderately saline
water generally is within the Honaker Trail Fonnation of the Herrrosa Group
or the Cutler Formation, and thus is structurally controlled. Locally,
however, as in and near T. 27 5., R. 19 E., section 3, the base of rroderately
saline water may be in the uQ?er part of the Chinle Fonnation or the overlying
Wingate Sandstone. Such local variations probably are due to uI;Mard noverrent
of more saline water through transmissive fractures or faults or, possibly,
through breccia pipes or chimneys.

'!he general shape of the base of rooderately saline water south of Gibson
Dc::rne am north of N:>rth Elk Ridge seems to be that of a Ck::ne whose apex, at an
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altitude of more than 6,500 feet above sea level, is over the Beef Basin
anticline and the East aoo West Elk Ridge anticlines (fig. 7). Fran this high
area, the base of moderately saline water slopes generally southeastward
toward Colorado and southward toward Arizona to an altitude of about 4,500
feet above sea level, but slopes rrore steeply southwestward. Superirrq:x:>sed on
the base is a depression caused by recharge in the Abajo Moontains; the depth
of this depression is not known, but it may be below sea level. Radiating to
the oortheast, east, aoo south fran the Abajo M:>untains are "valleys" in the
base of moderately saline water where fresh to moderately saline ground water
is flowing away fran the recharge area. Valleys in the base also exist in
southern and southeastern San Juan County caused by inflow of less saline
grouoo water fran Black Mesa aoo the Carrizo Mountains in Arizona (fig. 4) aoo
fran Sleeping Ute M::>untain (fig. 4), aoo possibly other areas in Colorado.

Between Gibson Dome and the Abajo Mountains, the base of moderately
saline water, though generally in the Cutler Formation or the Honaker Trail
Formation of the Herrrosa Group, sooewhat less cxmnonly may be in the Moenkopi
Formation or the Shinarurrp Manber of the Chinle Formation. South of the Abajo
M:>untains and east of CarIb Ridge (fig. 7) in an elongate area that extends
oorth fran the Arizona State line to T. 34 S., aoo east fran about R. 20 E. to
the COlorado State line, the shape of the base of moderately saline water
appears to be much more complex than it is north of the Abajo Mountains,
though this a:mplexity may be due to lack of data and/or erroneous data in
sone areas.

South of the Abajo Mountains, the base of moderately saline water is
stratigraphically higher where it is at a higher altitude and is
stratigraphically lower where it is at a lower altitude. For example, near
the town of Blanding, the base of rroderately saline water is less than 2,000
feet above sea level aoo is in the Cutler Formation; but, to the east where
the base is more than 4,500 feet above sea level, it is at least as high
stratigraphically as the Wingate Sandstone, and may be as high as the Navajo
sandstone. South of T. 37 S., in those areas where the base is above an
altitude of 4,000 feet above sea level, the base of moderately saline water
may be stratigra];t1ically as high as the M:>rrison Formation.

CCNCLUSIONS

The stratigraphy and geologic structure of San Juan County are major
factors controlling the occurrence and movement of ground water, the
configuration of the base of moderately saline water, and the location and
distribution of very saline to briny water in the area. A thick layer of very
saline to briny grouoo water uooerlies the eastern tY.C-thirds of the county.
Very saline to briny water in the oounty generally is found in and near the
area that oontains evap::>rite deposits of Pennsylvanian age. The configuration
of the upper surface of this layer of very saline to briny ground water
generally is controlled by the geologic structure of the area, but locally may
be substantially modified by recharge mounds of less saline water and by
vertical leakage of water through transmissive faults and fractures.

'!he highest altitude of the base of rroderately saline water is west of
the Abajo Mountains and is more than 6,500 feet above sea level. '!he lowest
altitude is in the western part of the county and is below sea level.
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Depressions in the base of rooderately saline water at recharge areas in the Ia
sal and Abajo M:>untains also may be below sea level. '!he base of moderately
saline water generally is in the Cutler Formation or the Honaker Trail
Formation of the Hernosa Group, but locally may be as high stratigraphically
as the Navajo Sandstone north of the Abajo Mountains and in the Morrison
Formation south of the mountains.
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